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Trends in Current vs Overpotential:
Figure S2 presents results for zinc, showing that in most experiments a steady state current was reaching very rapidly. At higher overpotentials (E.g. -1 V in Fig. S2) the observed current increases with time, this may indicate some degree of diffusive limitation in these experiments as the calculated levich currents (Table 2, in text) are greater than electrochemical currents. In the case of the zinc experiments this is further illustrated in Figure S3, which presents a Koutecky-Levich plot (Bard and Faulkner, 2001; Koutecky and Levich, 1958) of the inverse average current as a function of the inverse square root of RDE rotation rate. The slope in the trends of the data on this plot (Fig. S3) indicate some underlying diffusive limitations.

Supplementary Table 1. Summary of estimated E0 values from CV spectra (Figs. S1)
	Equilibrium potential, E0 (V vs. Ag/AgCl in 3m KCl E0)
Temperature:	0oC	25oC	50oC
Zinc Citrate Experiment:	-1.09 V	-1.08 V	-1.07 V

Table S2: Stock solution composition and summary of main experimental variables
Experiment	Composition	h Range (E-E0)	Temperature (oC)	Speciationa
Zinc Citrate Samples	[Zn] = 0.1 molal ;[Citrate] = 0.52 molal ;[SO4] = 0.54 molal ;[Na] = 1.56 molal ;pH = 3.8	-0.06 to -1.0	0, 25 and 50	> 99% ZnHCitrate< 1 % ZnSO4
a Zinc speciation was calculated in a recent study (Black et al., 2011).
Table S3 Zinc three-isotope systematics in electroplated zinc on Pt rotating disc electrodes
Sample	d66Zna (‰)  	d68Zna (‰)  ± 2σ	Nb	Sample	d66Zna (‰)  ± 2σ	d68Zna (‰)  ± 2σ	Nb
Zinc Citrate Samples:0oC:Zn01Zn02Zn03Zn04Zn05Zn06Zn07Zn08Plated at 25oC:Zn09Zn10Zn11Zn12Zn13Zn14Zn15Zn16Zn17Zn18Zn19Zn20Zn21Zn22Zn23	-1.05 ± 0.01-1.33 ± 0.020.01 ± 0.02-0.43 ± 0.020.34 ± 0.030.07 ± 0.02-0.07 ± 0.03-0.16 ± 0.03-1.12 ± 0.02-1.01 ± 0.02-1.31 ± 0.03-0.28 ± 0.01-0.83 ± 0.020.60 ± 0.02-0.03 ± 0.021.02 ± 0.020.72 ± 0.040.56 ± 0.030.49 ± 0.041.35 ± 0.021.27	1.12 ± 0.021.09 ± 0.03	-2.04 ± 0.02-2.62 ± 0.040.02 ± 0.06-0.83 ± 0.040.68 ± 0.050.15 ± 0.04-0.13 ± 0.07-0.31 ± 0.06-2.18 ± 0.05-1.97 ± 0.05-2.55 ± 0.04-0.53 ± 0.03-1.62 ± 0.031.19 ± 0.02-0.05 ± 0.032.01 ± 0.051.42 ± 0.051.11 ± 0.060.98 ± 0.082.68 ± 0.072.49	2.22 ± 0.052.17 ± 0.05	33333333333333333333133	Plated at50oC:Zn24Zn25Zn26Zn27Zn28Zn29Zn30Zn31Stock Solutions:Zn_Stk01Zn_Stk02Zn_Cell01Zn_Cell02Standards:NISTAK20	0.63 ± 0.03-0.05 ± 0.061.20 ± 0.020.51 ± 0.021.53 ± 0.031.27 ± 0.011.17 ± 0.031.11 ± 0.022.55 ± 0.062.59 ± 0.032.58 ± 0.062.58 ± 0.040 ±	1.27 ± 0.02-0.07 ± 0.122.38 ± 0.061.03 ± 0.053.03 ± 0.042.52 ± 0.032.33 ± 0.052.19 ± 0.045.04 ± 0.115.13 ± 0.065.11 ± 0.105.10 ± 0.090 ±	333333333333
a The isotopic composition of the samples is expressed as a per-mil deviation from the NIST standard using the formula: δxZn = [(xZn/64Zn)Sample/(xZn/64Zn)NIST -1]*1000; bN = number of standard bracketed blocks (20 cycles each); cStk = initial stock solution; Cell = stock solution composition after a deposition test. d Standards


Supplementary Figure Captions:

Figure S1. Cyclic voltagrams of zinc citrate stock solution at 0, 25 and 50oC. Scan rate = 0.005 V/s.


Figure S2. Measured currents over time for the deposition of 0.5 Coulombs of zinc as a function of the applied overpotential (see colors in legend).

Figure S3. Koutecky-Levich plots for observed average currents during zinc electrodeposition on the RDE. The corrected average current of deposition efficiency is plotted. As the rotation rates used were quite high (> 1000 rpm), the trends are either curved or have approached the steady state electrochemical currents with an absence of diffusion limitations.





Figure S1.







Figure S2.

Figure S3.






